Introduction
The soybean cyst nematode (SCN), Heterodera glycines Ichinohe, is distributed throughout the soybean [Glycine max (L.) Merr.] production areas of the United States and Canada ( Fig. 1) (26) . SCN remains the most economically important pathogen of soybean in North America; the most recent estimate of soybean yield reduction in North America due to SCN totaled 34,659,000 metric tons during 2006 (34) . Overwhelmingly, the tactic of choice for managing soybean in SCN-infested fields is the use of resistant cultivars. In Illinois, for example, where more than 80% of the soybean fields are known to be infested with SCN (25, 33) , 62% of farmers surveyed in 2007 reported that more than 75% of the soybean seed they planted was labeled resistant to SCN; an additional 32% of farmers reported that they also planted resistant cultivars, but on a lower percentage of their fields (T. Niblack, unpublished data). Unfortunately, only 22% of the same farmers reported that they routinely sampled their infested fields for SCN. Two inferences from these results are: (i) most farmers in Illinois are aware that they have, or could have, SCN infestations; and (ii) most Illinois farmers believe that simply using a soybean cultivar labeled "SCN-resistant" is sufficient to manage the problem without needing to collect soil samples from fields to monitor SCN population densities and be sure that nematode numbers are not increasing.
Soybean growers in other states likely share these views (10) . There are two main difficulties with growing SCN-resistant soybean varieties continuously and not monitoring SCN populations: first, SCN populations vary widely in densities (numbers) and virulence (ability to reproduce on resistant cultivars), and both of these SCN population characteristics influence soybean yield; and second, that the word "resistant" on the seed label does not necessarily mean that the cultivar is actually resistant.
Assessment of hundreds of cultivars over many years in Illinois, Iowa, Missouri, and other states has shown that soybean cultivars labeled "resistant to race 3" have a wide range of reactions to field and greenhouse SCN populations identified as race 3 [e.g., (1, 14, 18, 21, 22, 31) ]. For example, greenhouse assessment of the "resistant" entries in the Illinois Soybean Variety Trials showed that 72% did not qualify as "resistant" by the traditional definition, i.e., a Female Index (FI) less than 10 ( Fig. 2) (29) . The disconnect between soybean cultivar SCN resistance labeling and verification of ability to suppress reproduction of the nematode is due to three main factors: (i) resistance to SCN in soybean is quantitative, not "+" or "-"; (ii) the amount of SCN reproduction that occurs on a soybean cultivar is determined by the virulence genes and their frequency in the SCN population as well as the resistance genes present in the soybean cultivar; and (iii) there are currently no widely accepted standards for verifying and labeling a soybean cultivar "SCN resistant." Stated another way: there is no legal definition of resistance to SCN for soybean cultivars in the United States. The purpose of this paper is to propose standards for labeling soybean cultivars as resistant to SCN. 
History of Screening for SCN Resistance
The identification of SCN resistance in soybean has been quite successful in that resistant breeding lines were identified, from which numerous highly useful cultivars were derived by public and private soybean breeders. Recent reviews of these efforts may be found by Cook and Noel (9) and Shannon et al. (30) . The issue at hand is not whether several different methods can be used to successfully identify SCN resistance (which they demonstrably can), but whether the level of resistance can be measured (assessed) reliably so that unbiased cultivar comparisons can be made.
The first documented screening program for SCN resistance in a breeding program was conducted during the 1950s in SCN-infested fields with a "doublerow" method involving paired rows of susceptible and test lines (28) . The large land, labor, and seed investment required for field screening of thousands of soybean breeding lines led others to develop greenhouse protocols. Early greenhouse screening of soybean breeding materials was conducted with infested soil in clay pots (13) . Field and greenhouse methods similar to these early ones are still in use in some soybean breeding programs today. The major source of variation in such tests is the variability in SCN population densities in soil. (This variation is not necessarily a negative attribute, especially when simultaneous measurement of yield and/or genotype by environment interaction is a goal).
The obverse of screening soybean for resistance is identification of SCN virulence profiles, or "races." Methods used in determining virulence profiles of SCN populations were adopted for resistance screening programs beginning with the methods used for the initial description of SCN races by Golden et al. (17) . Many programs adopted other methods intended to reduce variation, such as the use of quantified inoculum (cysts or eggs), environmental control, and transplants. The most recent summary of such mostly unpublished refinements was included in the protocol for determining the virulence phenotypes of SCN populations (24) . This method later proved to be the most robust among 13 different methods compared for determining levels of SCN resistance in soybean (19) (J. Hicks, unpublished data).
Development of SCE08
Recognition of the potential negative impact on soybean producers of situations as illustrated in Fig. 2 , wherein many cultivars labeled "resistant" do not actually have an effective level of resistance. This led the Production Committee of the United Soybean Board to support a meeting in March 2007 of representatives of public and private soybean breeding and SCN-resistant soybean cultivar assessment programs. The purpose of the meeting, "Assessment of Resistance to the Soybean Cyst Nematode," was to exchange information, decide whether action on SCN resistance assessment issues was necessary and appropriate, and determine whether consensus on measuring resistance could be achieved. One outcome of the meeting was the initial draft of a standardized assessment protocol, described by von Qualen (32) . The meeting participants agreed to circulate the protocol, and to present it at the 4th National SCN Conference in March 2008 for revision and possible adoption. Approximately 75 conference attendees participated in the session devoted to assessment of resistance, and the greenhouse assessment protocol described in the following sections is a result of the consensus achieved in that session.
Use three different SCN populations. Soybean cyst nematode populations can vary in their virulence, even those identified as the same HG Type. After conducting assessments with three different SCN populations of the same HG Type, the characterization of a soybean cultivar will more likely be reproducible and the indicated resistance will likely be effective in a broad range of fields infested with that SCN HG Type. Companies may maintain SCN populations of defined HG Types for testing, or some or all of the testing could be sent to independent laboratories. The SCN populations should be increased for at least five generations on one of the following susceptible cultivars: Lee 74, Hutcheson, Essex, or Williams 82. Increasing the SCN population on a susceptible cultivar will provide ample nematodes for conducting multiple tests with the populations and will help prevent a shift in the frequencies of genes that affect virulence. The use of SCN field populations in greenhouse assessments without increase for several generations is discouraged because field populations may exhibit various levels of dormancy and may be contaminated with parasites and predators, which can contribute to inconsistent results.
Use at least three single plant replications. Assessments of resistance of soybean cultivars conducted with three SCN populations replicated three times will produce nine data points for each cultivar. This minimum amount of replication applies to greenhouse assessment of released cultivars only; earlier generation greenhouse screening for resistance may require more or less replication depending on the specific purpose of the test.
Use standard methods and environmental conditions. The protocol for conducting HG Type tests described by Niblack et al. (24) should be used for assessing the SCN resistance of soybean cultivars in the greenhouse. The important points are as follows:
• Surface disinfest the seed (e.g., soak seeds in 1% NaOCl followed by two or more rinses in sterilized distilled water).
• Germinate seed in sterilized germination paper for three days.
• Transplant seedlings of uniform size and vigor into a pasteurized sandy soil mix. Do not use soilless mixes or soil amendments such as peat moss or vermiculite; they will interfere with extraction and counting of SCN females.
• Use containers with a volume of 100 to 500 cm³.
• Use a randomized complete block or completely randomized experimental design.
• One day after transplanting seedlings, extract eggs and second-stage juveniles (J2) from cysts maintained as described in the previous section.
Eggs can be disinfested with sodium hypochlorite or other treatments to improve egg hatch (5).
• Deliver a suspension of eggs and J2 to containers at the rate of 20 eggs + J2/cm³ soil.
• Maintain soil temperature at 27°C to 28°C.
• Maintain 16-h day length.
• Incubate for 28 to 30 days.
• Dislodge females from roots on nested sieves (20 mesh over 60 mesh = 850-µm-pore sieve over 250-µm-pore sieve) with water spray and manipulation.
• Count females under appropriate magnification. The number of females on the susceptible check must be 100 or more.
As for the HG Type test, if the average number of females on the susceptible check is less than 100, the data from that test should not be used. A low average may be caused by problems at several stages in the assessment, all of which invalidate the results. For a comment on variability, please see the section entitled "complementary information."
Calculate the Female Index (FI). The FI value has been the standard for race testing and measuring resistance for over 50 years as of this writing. FI is calculated as follows: [(average number of females per entry) ÷ (average number of females per plant on the susceptible check)] × 100. Preliminarily, there will be three FI values for each soybean cultivar being assessed (one per SCN population). The final reported FI value for each cultivar should be the average for the three SCN populations.
Label the cultivar according to FI value. Soybean cultivars should be labeled as to their level of resistance according to the scale proposed by Schmitt & Shannon (29) (Table 1) . Adherence to the standards described herein should be included on the seed bag label, along with the HG Type of the SCN populations used in assessing the cultivar must be included. For example:
• 
Field Evaluations of SCN Resistance
The main advantage to greenhouse evaluation of resistance according to a standard protocol is, of course, that farmers can use the information to make direct comparisons of cultivars. When standards are lacking, direct comparisons of products are not possible and misleading or misunderstood labeling is common.
The main limitation of greenhouse evaluation is that it can tell us little about performance of soybean cultivars in the field. An enormous body of research shows that SCN-resistant cultivars usually yield more than susceptible ones in SCN-infested fields, but a large and growing body shows that yield is dependent on many other factors than just SCN population density, even without considering the obvious non-SCN factors (soil type, fertility, moisture, and so forth). SCN population densities can vary from zero to tens of thousands of eggs and juveniles per cubic centimeter of soil in a single field (2, 12, 16) , and because yield is affected by SCN population density, the overall impact of SCN on yield will vary from plot to plot and from field to field. In addition, the distribution of virulence phenotypes of SCN can vary within a field, so that a given cultivar may behave as a "resistant" in one area of a field while simultaneously behaving as a "susceptible" in a different area. (The level of resistance of the cultivar does not change; the relative frequency of SCN individuals that can overcome the resistance may change from one part of a field to another). For these reasons, in a recent review of SCN resistance screening, Shannon et al. (30) emphasized that evaluation in the field is necessary to verify cultivar performance. There is no substitute for widespread field evaluations.
Another advantage of field assessment of SCN-resistant cultivars is that it can be used to identify tolerance, which cannot be identified in a greenhouse. For this reason, tolerance has been an underused tool for SCN management. A cultivar is tolerant to SCN if, when infected, it yields well, i.e., similar to its yield if noninfected. Boerma and Hussey (3) suggested that susceptible tolerant cultivars could have an advantage over resistant cultivars because they yield well without exerting selection pressure on the SCN population. There has not been enough research in this area to conclude that the use of tolerance to SCN should be incorporated into management recommendations, but considering its potential usefulness in the face of alarming virulence shifts [e.g., (15, 18, 25) ], more field evaluations should be undertaken with the identification of tolerance in mind. 
Complementary Information
Two items in the preceding section have not received specific research attention and require additional comment: (i) the equivalence of using Lee 74, Essex, Hutcheson, and Williams 82 as susceptible checks; and (ii) checking for unacceptable variability in screening results.
To test for the equivalence of Lee 74 and Essex as susceptible checks, we analyzed data collected for the Illinois Soybean Variety Test program, which has included assessing for SCN resistance since 2001. Up to 700 soybean cultivars labeled as SCN-resistant are checked for resistance to HG Type 0 and HG Type 2-each year at both the University of Illinois and Southern Illinois University. Included in the University of Illinois tests are Lee 74 and Essex as susceptible checks. Data from 14 such tests (i.e., 7 years × 2 SCN populations) analyzed with PROC GLM of SAS 9.1 (SAS Institute Inc., Cary, NC) showed no significant difference (P < 0.0001) between the number of females produced on Lee 74 (148/plant) and the number produced on Essex (162/plant) when the number of females produced on each was greater than 100.
To test for the equivalence of Hutcheson and Lee 74 as susceptible checks, a separate test was conducted. Both cultivars were infested with 1,500 eggs from each of 34 different SCN populations representing HG Types 0 and 2-from different geographic origins. The SCN populations were maintained in a greenhouse on Essex after being originally collected in Canada (Ontario) or the United States (Arkansas, Illinois, Iowa, Kansas, Louisiana, North Carolina, Minnesota, Missouri, South Dakota, and Tennessee). The tests were initiated and conducted according to the protocol described previously (24) and in previous sections herein. Data analyzed with PROC MIXED of SAS 9.1 showed no significant difference (P < 0.0001) between the number of females produced on Lee 74 (231/plant) and the number produced on Hutcheson (221/plant) when the number of females produced on each was greater than 100.
Finally, the issue of variability must be addressed. The assessment of soybean cultivars for resistance to SCN is a bioassay, and as such, involves inherent variation. In the SCN-soybean pathosystem, the potential for variation is compounded because both SCN populations and soybean cultivars are measurably variable. SCN varies in virulence within and between populations (7, 23) ; the genetic basis of virulence is still unknown. Resistance to SCN in soybean is determined by several quantitative trait loci (QTL) of which the best known, rhg1 (8, 11) , has different effects depending on the genetic background (4). There are many ways to deal with variation (the best being to avoid it). In soybean cultivar assessment programs for SCN resistance, variation is arbitrarily limited in several ways. For example, variation among HG Type 0 SCN populations is artificially limited because of the "10% rule" established by Golden et al. (17) , and variation among soybean cultivars in their host status is removed by imposing qualitative definitions on quantitative data, such as the resistance categories proposed by Schmitt and Shannon (29) . Following these arbitrary but arguably useful models, the Illinois Soybean Variety Test program routinely discards data for any soybean cultivar where the coefficient of variation (CV) for FI values is greater than 30% (T. Niblack, unpublished data). The test is repeated for these cultivars, and if the repeat has a CV > 30, then resistance is reported as "not determined." The original reason for this practice was that some "cultivars" were actually blends, but it also serves to identify entries for which seed may be mixed or which may still be segregating for resistance.
Conclusions
Soybean plants are assessed for resistance to SCN for several goals, such as to identify sources of resistance, to verify resistance among soybean lines in development during the breeding process, and to compare released soybean cultivars. Each of these goals may require a different approach. Our concern is for the labeling of commercial SCN-resistant cultivars, i.e., those released for sale to soybean producers. Because there are no existing standards for such labeling, a number of cultivars are marketed as SCN-resistant despite low levels of resistance. And, without independent assessment of soybean cultivars for resistance to SCN, farmers may be misled into using moderately susceptible or susceptible cultivars when they intended to use those with resistance or moderate resistance, resulting in lower yield and (or) higher SCN populations. Increases in SCN population densities resulting from farmers unintentionally growing soybean cultivars lacking SCN resistance is particularly undesirable because eggs can survive for more than a decade (20) and population densities decline slowly when nonhost crops are grown (6, 27) , particularly in the upper Midwest.
Our objective, as nematologists, plant pathologists, and soybean breeders who work on the SCN-soybean pathosystem, is to provide information that leads to both increased yields and lower SCN population densities through use of high-yielding SCN-resistant cultivars. Use of the standards described in this paper by those responsible for cultivar development should allow for direct comparisons among cultivars by soybean producers and improve soybean production in SCN-infested environments.
